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Transcriptional regulationSmall nucleolar RNAs (snoRNAs) represent one of the largest groups of functional non-protein coding RNAs
currently known in eukaryotic cells. The processing of intron encoded snoRNAs has been well documented;
however, the transcriptional regulation of snoRNA genes is still poorly understood, most likely due to the
lack of characterization of snoRNA promoters. Here we used a computational approach to predict core
promoters for 131 human snoRNAs. Majority of putative snoRNA promoters are supported by DNase I hyper-
sensitivities, RNA polymerase II ChIP-seq peaks, or CAGE tag clusters. Based on the genomic organizations of
predicted human snoRNA promoters, we propose ﬁve transcriptional models of those snoRNA genes; we also
foundevidence that some intronichuman snoRNAsmighthave their ownpromoters. Thepresent study is theﬁrst
in silico screening of human snoRNAs promoters; and we anticipate the data will facilitate further molecular
characterization of transcriptional control of human snoRNA genes.g 100005, China. Fax: +86 10
gmail.com (D. Zhu),
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Small nucleolar RNAs (snoRNAs) are 60-300 bp long non-protein
coding RNAs. Two major classes of snoRNAs, box C/D and box H/ACA
snoRNAs, are responsible for directing 2’-O-ribose methylation and
pseudouridylation of target RNAs, respectively [1]. Functions of
snoRNAs of different classes require the association with different
sets of core proteins to form small nucleolar ribonucleoprotein par-
ticles (snoRNPs) [2,3]. Althoughmost common targets of snoRNAs are
rRNAs or snRNAs, snoRNAs can also target to tRNA and mRNA [4–6].
Yet another interesting discovery suggested that snoRNA might be
precursors of microRNA and possessed microRNA-like functions [7,8],
indicating that functional roles of snoRNAs might not restrict to those
reported previously.
snoRNAs have been discovered in multiple organisms and their
genomic organization is extremely diverse among different eukar-
yotes [9,10]. Compared to yeast and plant, a large proportion of animal
snoRNAs are located within introns of protein coding or non-protein
coding genes [1,11]. In most cases, intronic snoRNAs are released from
excised, debranched introns by exonucleolytic trimming [12–14]. In
addition, a splicing-independent pathway which involves endonu-
cleolytic cleavage of ﬂanking intron sequences has also been reported
[15–19]. The position relative to the branch-point and the 3’ splice-
site within the host gene is critical for efﬁcient processing of box C/DsnoRNA; and alterations of the position of an intronic snoRNA could
reduce the efﬁciency of the snoRNA biosynthesis [20–23].
Although the processing of snoRNAs fromprimary transcripts iswell
documented, the regulation of snoRNA expression is largely elusive,
partially because much less is known about the promoter organization
responsible for snoRNAs transcription. In most cases, it seems that the
transcription of intron encoded snoRNA genes is determined by the
transcription of their host genes [1]; thus the transcription of those
snoRNA might be synchronized to their host genes. As an exception,
Deng et al. proposed that some intron-encoded snoRNAs from C. elegans
might have independent promoters [24]. But such exceptional cases
have never been reported so far in higher organisms. The intergenic
snoRNA genes are independently transcribed from their own promoters
by RNA polymerase II (Pol II) [25]. So far, only a few independent
promoters have been characterized for several abundantly expressed
snoRNAs; and most of our knowledge about snoRNA promoters is
obtained fromyeast. A TATA-box and aHomol D-box could coordinately
regulate yeast U3 snoRNA transcription [26]. The MRP RNA is
transcribed by RNA polymerase III (Pol III) from PSE/USE-TATA
promoters [27,28]. Several snoRNA genes transcribed by Pol III possess
a typical promoter responsible for tRNA gene transcription [24,29].
snoRNA gene promoter regions in yeast tend to contain TATA boxes and
A/T-rich elements [30]. However, promoter organization of animal
snoRNA genes is largely unknown. Additionally, examination of
snoRNAs expression patterns revealed that the expression of some
snoRNAs exhibit spatiotemporal patterns [31,32]. Theseﬁndings further
highlight the importance of promoter identiﬁcation in order to elucidate
the mechanisms governing the spatiotemporally regulated expression
of snoRNA genes during development.
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which integrated the chromatin histone modiﬁcation proﬁles and the
DNA sequence features together to predict human Pol II core-
promoters at high resolution. The integrated genetic and epigenetic
information make CoreBoost_HM fulﬁll high-resolution transcription
start site (TSS) prediction with high sensitivity and speciﬁcity. Wang
et al. demonstrated that CoreBoost_HM could predict the core pro-
moters of both coding and non-coding genes. And interestingly, they
found CoreBoost_HM could give a good prediction on the known
intergenic miRNA promoters and some of intronic miRNAs appear to
have promoters independent of their host genes [33]. In this study, we
extend their work to predict promoters of human snoRNA genes
within the upstream 3 kb relative to mature snoRNA. CoreBoost_HM
predicted putative promoters for 131 snoRNAs (116 intronic and 15
intergenic human snoRNAs) majority of which were further
supported by independent Pol II binding signals from ChIP-seq
peaks [34], TSS locations from CAGE snapshots [35], and DNase I
hypersensitive sites [36]. Based on the relative positions of predicted
promoters and their host gene structures, we proposed ﬁve tran-
scriptional models of human snoRNA genes. Finally, we identiﬁed
enriched cis-regulatory elements in the putative promoter regions of
human snoRNA genes. Taken together, the promoter data presented
in this work provide a set of putative promoters for human snoRNA
genes, and suggest mechanisms of their transcriptional regulations
that require further functional investigation.
Results and discussion
Dataset used for promoter prediction of human snoRNAs
ENSEMBL database (Release 53) has annotated 1203 genomic loci
encoding snoRNAs in the human genome. Among them, 486 loci are
annotated as snoRNA pseudogenes and excluded before promoter
prediction [37]. Recently, Dieci et al. manually collected a set of human
snoRNAs [10]. We integrated these two datasets and generated a
snoRNA dataset which includes 745 genomic loci. These 745 genomic
loci represent/encode 193 unique snoRNAs including 119 C/D box
snoRNAs and 74 H/ACA box snoRNAs (Table 1 and Table S1). Based on
the RefSeq and UCSC gene model, 419 snoRNA gene loci reside in the
intronic regions and 326 are in the intergenic regions (Table 1 and
Table S1). For those within intergenic regions, 78 are antisense
snoRNAs against annotated coding/non-coding genes (Table 1 and
Table S1). Here antisense snoRNAs are ones whose genomic organiza-
tions overlap with other coding/non-coding genes but their tran-
scriptional orientations are opposite to their counterparts. Detailed
genomic locations of these 745 human snoRNA gene loci are provided
in Table S1.
In the present study, our dataset demonstrated that only 56%
(419/745) of human snoRNAs reside in the intron of known genes.
However, previous studies reported that majority of the human
snoRNAs are intronic localization [10,38]. Herein, we integrated the
Ensembl snoRNA dataset with those snoRNAs manually collceted by
Dieci et al. [10]. The snoRNAs in Ensembl dataset were obtained by
aligning genomic sequence against RFAM using BLASTN. This strategy
can get a more comprehensive snoRNA dataset. About half of human
snoRNAs annotated by Ensembl have an intergenic localization, whichTable 1
Summary of 745 snoRNA gene loci investigated in the present study.
snoRNAs Genomic loci Intronic Intergenic Antisense
orientation
C/D box snoRNA 119 433 258 152 23
H/ACA box snoRNA 74 312 161 96 55
Total 193 745 419 248 78give great contribution to the high percentage of the intergenic
snoRNAs in our dataset.
Putative promoter prediction of human snoRNA genes with
CoreBoost_HM
The putative promoters of 745 human snoRNA gene loci were
predicted by the CoreBoost_HM program [33]. Because CpG- and non-
CpG-related promoters possess distinct sequence features and/or
histone modiﬁcation proﬁles; they were treated separately [33]. To
predict the putative promoters of human snoRNA genes with
CoreBoost_HM, we extracted 3 kb of genomic sequences in the up-
stream region of mature snoRNA from UCSC [39]. Using a cutoff of 0.7
to predict CpG promoters, CoreBoost_HM inferred that 116 of 419
intronic snoRNAs and 5 of 78 antisense snoRNAs have CpG core pro-
moters within 3 kb-upstream regions. For intergenic snoRNAs, 10 out
of 248 have predicted CpG core promoters within 3 kb-upstream
regions (Table 2). Thus, in total 131 of 745 snoRNAs were predicted to
have CpG core promoters. Based on the previous estimate of false
discovery rate under CpG-mode [33], there are about 24 false posi-
tives among 131 predicted promoters (corresponding signal-to-noise
ratio is about 5.5). We also tried to predict non-CpG promoters for all
745 loci using a cutoff 1.1. It resulted in totally 48 non-CpG promoters,
only slightly more than estimated false positives under non-CpG
mode (Table 2) [33]. It has been found that predition inaccuracy was
most serious for non-CpG promoters [40], which had also been found
in this study. Therefore, we only focused on the CpG core promoters in
this study.
As shown in Table 2, less than 20% (131 out of 745 loci) of human
snoRNA gene loci were predicted to have putative CpG promoters
with CoreBoost_HM. One possible reason is that the putative pro-
moters of some snoRNA genes might be located outside 3 kb se-
quences upstream of mature snoRNAs and could not be identiﬁed.
Another explanation might be that the CoreBoost_HM program is
designed for identifying typical promoters regulating mRNA tran-
scription [33]; but some snoRNA genes with independent transcrip-
tional unit might be driven by other transcriptional machinery, such
as those Pol III transcribed snoRNAs [27]. Finally, the training set for
developing CoreBoost_HM program contain the chromatin histone
modiﬁcation data from human CD4+ T-cell [33]. Though it had been
demonstrated that CoreBoost_HM can identify both active and re-
pressed promoters [33], it may still has some inevitable bias to
the speciﬁc cell type. Therefore, we can not exclude the possibility
that some false negative predictions result from the limitation of
CoreBoost_HM.
In addition, majority (116 versus 131) of the putative promoters
predicted in the present study corresponds to intron-encoded
snoRNAs whereas 10 intergenic and 5 antisense snoRNAs are pre-
dicted to have CpG core promoters within upstream 3 kb region. A
possible explanation is that intron-encoded snoRNAs usually utilize
the same transcriptional apparatus as their host genes which possess,
in most cases, typical promoters recognized by Pol II with higher
sensitivity to CoreBoost_HM program. Another possible reason is that
the Ensembl snoRNA genes are annotated by aligning genomic se-
quence against known snoRNA sequences. Among those snoRNA
genes, some genomic loci may be pseudogenes with correct sequences
but loss of transcriptional activities. For example, SNORA7 has ﬁveTable 2
Summary of putative promoters of human snoRNA genes predictedwith CoreBoost_HM
program.
Promoter
class
Intronic Intergenic Antisense False positives Signal-noise-ratio
CpG 116 10 5 24 5.5
non-CpG 39 7 2 26 1.8
52 T. Li et al. / Genomics 96 (2010) 50–56intronic copies and two intergenic copies in the human genome. By
detailed analysis of the ﬂanking sequences of each SNORA7 locus, we
found that the two intergenic copies and two of ﬁve intronic copies
possess typical SINE-like retroposon structural features characterized
by a poly(A) end and a target site duplication (TSD) (Fig. 2), indicating
that SNORA7 gene was expanded in the human genome by retro-
poson-mediated duplication mechanism. Interestingly, the two intro-
nic SNORA7might be co-transcriptedwith their host genes (Table S2).
For those two intergenic copies, we could not ﬁnd putative promoters
in their 3 kb upstream region, suggesting that these two intergenic
copies might be promoter-less retrotransposed pseudogenes.
Evidence to support the putative CpG promoters predicted with
CoreBoost_HM
Detailed information for predicted CpG promoters of human
snoRNAs is listed in Table 3 for intergenic snoRNAs, Table 4 for
antisense snoRNAs and Table S2 for intronic snoRNAs. For each
snoRNA, we provided the predicted TSS of snoRNAs, the TSS of its host
genes (for intronic snoRNAs and antisense snoRNAs) or the TSS of
nearest neighboring genes to the candidate snoRNA (for intergenic
snoRNAs). In addition, we utilized three independent datasets (not
incorporated in the prediction) for further evidence to support the
prediction of CoreBoost_HM. These three datasets are the Pol II ChIP-
seq data by Barski et al. [34], the CAGE data by Carninci et al. [35], and
the DNase data by Boyle et al. [36]. If the peaks of DNase I
hypersensitive sites, and/or CAGE tag clusters, and/or the peaks of
Pol II ChIP-seq data locate within 500 bp of the predicted TSS of
candidate snoRNAs, they will be taken as evidence to support our
prediction. Based on these criteria, 105 of 116 predicted promoters of
intronic snoRNAs are supported by all the three datasets; 3 of 116 are
supported by two datasets (Table S2). For the intergenic snoRNAs, 4
out of 10 predicted promoters are supported by all the three datasets;
2 of 10 are supported by two (1) or one (1) dataset (Table 3). One of
the putative promoters for antisense snoRNAs is supported by DNase I
hypersensitive sites (Table 4). Since these three datasets are inde-
pendent to each other, the predicted promoters supported by all the
three datasets should be reliable.
Proposed transcriptional models of human snoRNAs
SnoRNAs and their host genes share a common promoter (Model I in
Fig. 1)
In our previous study, we demonstrated that intronic snoRNAs
showed the co-expression pattern with their host genes, suggesting
that the transcription of intron encoded snoRNAs could be driven by
the same promoter as their host genes [32]. Among snoRNA TSSs
identiﬁed by CoreBoost_HM, most of them are very close to those
known TSSs of their host genes, suggesting most of intronic snoRNAsFig. 1. Five proposed transcriptional models of human snoRNAs. Following each model,
an example case is illustrated. The example cartoons were generated by the image of
UCSC genome browser. X axis represents the genome location; y axis represents the
CoreBoost_HM score. Model I: SnoRNAs and their host genes share the same promoter.
SNORD55 resides in the ﬁrst intron of ribosomal protein S8 (RPS8) whose predicted
promoter is very close to the known TSS of RPS8. Model II: Intronic snoRNAs possess
their independent promoters. The distance between U3 TSS site and its host gene
(TEX14) TSS site is 60,316 bp. A putative CpG promoter which is obviously different
from host gene promoter was predicted in the 200 bp upstream of U3 snoRNA. Model
III: antisense snoRNAs possess their independent promoters. SNORA75 is located in the
ﬁrst intron of DDX12. But they are transcribed in the opposite orientations. A putative
promoter is found at the upstream 1.7 kb of SNORA75. Model IV: snoRNAs share
promoters with their bidirectional partners. SNORD60 form a head-to-head pair with
TRAF7. Their transcriptions may be driven by the same promoter but to the divergent
directions. Model V: Intergenic snoRNAs possess their independent promoters.
SNORD93 was predicted to have an independent promoter in its upstrem region
supported by three other lines of evidences.
Fig. 2. Two intergenic and two intronic retrotransposed copies of SNORA7. According to
the structure of these four retrotransposed copies, they can be represented by two
schemes. Three SNORA7 copies following the ﬁrst scheme have the TSD-retrogene-
3'ﬂanking sequence-poly(A)-TSD structure. One copy following the second scheme has
the TSD-retrogene-3'ﬂanking sequence-TSD structure. The colored sequences represent
different consensus motifs. Yellow blocks are snoRNA sequences. Orange blocks are
poly(A) structures. Target site duplications (TSDs) are represented by blue color.
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Table S2). For example, SNORD55 (ENST00000384698) is located in
the ﬁrst intron of ribosomal protein S8 (RPS8). CoreBoost_HM
produces a strong CpG-related prediction at the upstream close to
the TSS of host gene (Model I in Fig. 1). This prediction is supported by
Pol II peak, CAGE tag cluster, and DNase signal (Table S2).
Intronic snoRNAs possess their independent promoters (Model II in
Fig. 1)
Deng et al. analyzed the upstream 100 bp of C. elegans snoRNAusing
MEME program and demonstrated that some intronic snoRNA loci
might have their own transcriptional units independent of their host
genes transcription [24]. Very little is known about transcription
of vertebrate intronic snoRNAs by using their own promoters indepen-
dent of host genes. One of U3 snoRNA loci (ENST00000390893) in
chromosome 17 is located in the second intron of human testis
expressed 14 (TEX14). The distance between U3 snoRNA and TEX14
TSS site is 60,316 bp. CoreBoost_HMpredicts aputative CpGpromoter in
the 200 bpupstreamofU3 snoRNA,which is obviously different from its
host gene promoter (Model II in Fig. 1). This putative promoter is also
supported by the data of Pol II peak and DNase I hypersensitive sitesTable 3
Putative CpG promoters of human snoRNA genes with intergenic location.
snoRNA locus snoRNA names predicted T
chr17(+):59577175-59577244 SNORND104:ENST00000362883 59577060
chr17(+):59577431-59577563 SNORA76:ENST00000408535 59577060
chr16(-):2145025-2145107 SNORD60:ENST00000383903 2145415
chr7(+):22862757-22862830 SNORD93:ENST00000408813 22860380
chr5(+):9601938-9602026 SNORD123:NR_003689 9599370
chr17(+):8173626-8173762 SNORA69:ENST00000390904 8170910
chr16(-):2786410-2786534 SNORA3:ENST00000408792 2788495
chr7(-):137523284-137523415 SNORA51:ENST00000364595 137523810
chr2(-):10147783-10147897 SNORA26:ENST00000391256 10149880
chr1(+):218202617-218202829 U3:ENST00000408746 218200400(Table 5). This result suggests that some human intron encoded
snoRNAs may possess independent promoters (Model II in Fig. 1).
Besides U3, the predicted TSS of SNORD51 (ENST00000365405) was
48,370 bp away from host TSS (Table 5), suggesting that SNORD51
might be transcribed by its own promoter independent of its host gene.
Furthermore, the predicted TSSs of seven SNORD115 copies were 1.1 to
22 kb away from their host TSSs (Table 5). Based on the prediction, it is
conceivable that those intron-encoded SNORD115 genes might be
transcribedwith theModel II (Fig. 1). Though only a small proportion of
snoRNA genes transcription could beﬁt into the transcriptionalmodel II
(Table 5), it is very intriguing that those intronic snoRNA genes are
endowedwith their own promoters and biological signiﬁcance of those
intronic snoRNA genes in terms of the transcriptional regulation is
deserved to be further studied.
Transcriptional models for intergenic snoRNA genes (Model III - V in
Fig. 1)
The genomic organizations of some snoRNAs overlap with other
coding/non-coding genes. But their transcriptional orientations are
opposite to each other, known as antisense RNAs. For example, an
H/ACA box snoRNA SNORA75 (ENST00000391130) locus in
chromosome 12 resides in the ﬁrst intron of DEAD/H (Asp-Glu-
Ala-Asp/His) box polypeptide 12 (DDX12), however, SNORA75 and
DDX12 are transcribed from the opposite direction. CoreBoost_HM
predicts a putative CpG promoter in the upstream 1.7 kb of SNORA75
independent of the promoter of its host gene (DDX12) (Model III in
Fig. 1). Interestingly, from the prediction result of intergenic snoRNAs,
we found some intergenic snoRNAs form head-to-head pairswith other
genes. That is, two genes are located near each other on two different
strands and transcribed divergently to two opposite directions. The
snoRNAs and their head-to-head partnersmay share the predicted core
promoters (Model IV in Fig. 1). As shown in Model IV of Fig. 1, human
SNORD60 (ENST00000383903) pairs with TNF receptor-associated
factor 7 gene (TRAF7). The predicted promoter located in the region
between these two genes was supported by pol II, CAGE and DNase
signals (Table 3). The transcription of SNORD60 and TRAF7 might be
driven by a common promoter with the opposite orientation, respec-
tively. Finally, some intergenic snoRNAs are located within an obviously
independent transcriptional unit, because they don't have neighboring
genes nearby. For some of these snoRNAs, CoreBoost_HMpredicts strong
CpG-related promoters, such as SNORD93 (ENST00000408813, Model V
in Fig. 1). Furthermore several predictions are also supported by
independent evidence from Pol II, CAGE and DNase data (Table 3).
Enriched cis-regulatory elements in the putative CpG promoter
regions
The promoter regions usually contain characteristic sequence
features, also known as cis-regulatory elements, including TATA-box,
GC-box, CAAT-box, initiator sequence, and binding sites for other
transcription factors, which work together to regulate the geneSS score class nearest RefSeq ID & TSS other evidence
1.59017 CpG NM_018469:59694385 polII&cage&dnase
1.59017 CpG NM_018469:59694385 polII&cage&dnase
1.79028 CpG NM_032271:2145799 polII&cage&dnase
1.26063 CpG NM_032581:23020295 polII&cage&dnase
0.75006 CpG NM_019599:9683463 cage&dnase
0.78547 CpG NM_153007:8183912 dnase
0.85958 CpG NM_001135086:2788486
0.764 CpG NM_003852:137795618
0.72653 CpG NM_001165931:10180145
0.81021 CpG NM_004446:218286623
Table 4
Putative CpG promoters of human snoRNA genes with antisense location.
snoRNA locus snoRNA names predicted TSS score class “host”a RefSeq ID & TSS other evidence
chr19(+):9791649-9791770 SNORA70:ENST00000363367 9791345 1.2959 CpG uc002mmh.1:9799492 dnase
chr16(-):11275471-11275594 SNORA48:ENST00000390926 11277535 0.72692 CpG uc002daq.1:11251006
chr12(-):9330536-9330660 SNORA75:ENST00000391138 9332385 0.77758 CpG NR_024374:9327519
chr12(+):9488933-9489068 SNORA75:ENST00000391130 9487230 0.72468 CpG NM_004400:9492035
chr2(-):27718414-27718540 SNORA36:ENST00000384004 27720855 0.72543 CpG NM_007266:27705366| NM_001145047:27705018|
NM_001145049:27705018| NM_001145048:27705018|
NR_026735:27705366
a Here “host” are not standard host genes because that though antisense snoRNAs genomicly overlap with “host” genes, their transcriptional orientations are opposite.
54 T. Li et al. / Genomics 96 (2010) 50–56transcription. snoRNAs are one of the most ancient and numerous
families of non-protein coding RNAs (ncRNAs). It has been noticed
that most independent snoRNA gene promoters are transcripted by
RNA polymerase II [10]. To investigate cis-regulatory elements
responsible for the transcriptional regulation of snoRNA genes, we
used a computational approach to identify over-represented motifs in
putative GpG promoter regions of human snoRNAs. The 10 most
signiﬁcantly enriched motifs were displayed in Fig. 3. The top ﬁve
enriched motifs were E2F1, HES1, SRF, HIF1A and YY1. For each motif
the TRANSFAC matrix ID, corresponding transcription factors (TF),
sensitivity, speciﬁcity, p value and sequence logo built from the motif
matrix are shown in Fig. 3. From the result we can get that the TATA
protein binding site is enriched in the snoRNA gene promoters,
indicating that the snoRNA gene promoter regions in human also tend
to contain TATA boxes as in yeast [30]. But most other enriched TF
binding sites are G/C-rich elements, which is different from what
have been observed in yeast.Materials and methods
Dataset
Human snoRNA sequences were downloaded from ENSEMBL
database (Release 53) [37]. The RefSeq and UCSC gene sets were
downloaded from UCSC (http://genome.ucsc.edu/). RNA polymerase
II (Pol II) data for human primary CD4+ T cells were published by
Barski et al. [34]. MACS program [41] was used to search enriched
regions for Pol II with cutoff 1e-5; ﬁnally 14469 Pol II enriched regions
were found. The CAGE data were extracted from RIKEN [35]. We used
liftover utility from UCSC genome browser to convert the coordina-
tion of the original data from hg17 to hg18 assembly. Adjacent CAGE
tags within 25 bp on the same DNA strand are clustered, and only
CAGE clusters containing at least two tags were considered. 168,536
CAGE tag clusters in total were used. DNase data within human
primary CD4+ T cells were published by Boyle et al [36]. 95,709
DNase hypersensitive sites were converted to the coordination of
hg18 and used in this study.Table 5
Intronic human snoRNAs which may be endowed with their own promoters.
snoRNA locus snoRNA names predicted TSS
chr17(-):54064002-54064196 U3:ENST00000390893 54064385
chr15(+):22995688-22995769 SNORD115-16:ENST00000363887 22994775
chr15(+):22997563-22997644 SNORD115-17:ENST00000364612 22994775
chr15(+):23025207-23025288 SNORD115-32:ENST00000364079 23024600
chr15(+):23027078-23027159 SNORD115-33:ENST00000363723 23024600
chr15(+):23041718-23041799 SNORD115-41:ENST00000363608 23041300
chr15(+):23043585-23043666 SNORD115-42:ENST00000364273 23041300
chr15(+):23047099-23047180 SNORD115-44:ENST00000365391 23046675
chr14(-):103333362-103333438 SNORD51:ENST00000365405 103335310
a Here “Distance” is the distance between the predicted snoRNA TSS and the host TSS.Predict snoRNA promoters with CoreBoost_HM
CoreBoost_HM by Wang et al. was used to predict putative
promoter for human snoRNAs [33]. CoreBoost_HM can predict RNA
polymerase II core-promoters in the human genome based on
genome-wide histone modiﬁcation and DNA sequence features.
Previous studies suggested that CpG- and non-CpG-related promoters
have distinct sequence features [42–44]. Recent results also sug-
gestted that the histone modiﬁcation proﬁles around these two types
of promoters are different [45,46]. Thus, CoreBoost_HM treat CpG-
and non-CpG-related promoters separately. In CoreBoost_HM, a
promoter is called CpG promoter if there is a CpG island within its
upstream 2 kb to downstream 500 bp regions according to UCSC
Genome Browser's CpG island annotations [47]. In fact, the distinc-
tions between CpG and non-CpG promoters are not clear cut. Here we
use cutoffs of 0.7 and 1.1 to predict both CpG and non-CpG promoters
on all the candidate sequences respectively. This parameter setting
corresponds to an estimated sensitivity of 57% at 500 bp resolution for
both CpG and non-CpG promoters [33]; and a false positive rate of
0.0107 per kb for CpG promoters and 0.0118 per kb for non-CpG
promoters. The false positive rate of CoreBoost_HM is estimated by
searching 1000 randomly selected 10 kb long intronic regions which
do not overlap with any DBTSS annotation, CAGE tag clusters or Pol II
peaks. As someunknownpromotersmay locatewithin these “negative
control” regions, the false positive number estimated by this way is
higher than the reality [33].
Identify enriched motifs
We deﬁned promoter regions as 700 bp upstream to 300 bp
downstream from predicted snoRNA TSS sites, and retrieved their
sequences from UCSC Genome Browser. Known sequencemotifs were
obtained from the vertebrate subset of TRANSFAC (version 200901)
[48], and were represented by position weight matrices. We used
Motifclass in CREADpackage [49] toﬁnd overrepresentedmotifs in the
promoter regions of the examined genes (study set) relative to those
of background sets. A background set was constructed by 1000 genes
randomly selected from the human genome. Background promoterDistancea score class host RefSeq ID (host TSS) other evidence
60030 0.82513 CpG NM_031272:54124415|
NM_198393:54124415
polII&dnase
1108 0.81336 CpG uc001yzk.1:22993667|
uc010ayo.1:22993667
1108 0.81336 CpG uc001yzk.1:22993667|
uc010ayo.1:22993667
22099 0.9051 CpG NR_003313:23002501
22099 0.9051 CpG NR_003313:23002501
8652 0.76907 CpG uc001zae.2:23032648
8652 0.76907 CpG uc001zae.2:23032648
14027 0.79318 CpG uc001zae.2:23032648
48370 0.8111 CpG NM_015316:103383680
Fig. 3. Top 10 enriched motifs for putative CpG snoRNA promoters. For each motif the TRANSFAC matrix ID, corresponding transcription factors (TF), sensitivity, speciﬁcity, p value
and sequence logo built from the motif matrix are shown in subsequent columns.
55T. Li et al. / Genomics 96 (2010) 50–56sequences were obtained from UCSC hg18 (-700 and +300 bp from
the TSS). All the identiﬁed motifs were ranked based on their relative
error rates generated byMotifclass. The relative error rate is equal to 1-
(sensitivity+speciﬁcity) / 2. InMotifclass, sensitivity is the proportion
of promoters within the study set that contains the given motif;
speciﬁcity is the proportion of background promoters which don't
include themotif.Werequired the relative error rates for selectedmotifs
to be signiﬁcantly lower than random promoters (p valueb0.01); and
only top 10 ranked motifs were reported. Sequence logos for the top
ranked motifs were generated by enologos [50].
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